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Abstract

Treatments with aqueous diffusates from Salix species and other easy-to-root
plants have promoted adventitious rooting of stem cuttings.

Aqueous plant diffusates

from some difficult-to-root plants have been known to contain rooting inhibitors. This
study investigated the use of aqueous diffusates of both contorted willow (Salix
xerythrofl.exuosa RAG.) and black locust (Robinia pseudoacacia L.) as sources of root
promoting substances and white fringetree (Chionanthus virginicus L.) as a source of an
inhibitor on woody ornamental cuttings. The effects of leaching stem cuttings in water as
a pretreatment was also investigated.
Aqueous diffusates of either contorted willow or black locust were tested for rootpromoting activity on three ornamental plants: holly (flex x'Nellie R. Stevens'), chinese
fringetree (Chionanthus retusus Lindi. & Paxt.) and white fringetree, and on mung bean
(Vigna radiata L.) White fringetree diffusate was tested as a root inhibitor on holly.
On 8 July 1996, water diffusates were prepared from fresh chopped terminal stems
of either locust or willow (680 g for each species) that were steeped in 4 liters of water for
24 hours. One hundred eighty cuttings of holly, chinese fringetree, and white fringetree
were leached in running tap water (1 liter/ 15 minutes) for 24 hours. All cuttings were
then double wounded.

Twenty cuttings of each species were then treated with either

0.0%, 0.8%, or 3.0% IBA in talc. The remaining cuttings were divided into two groups of
sixty and placed in either locust or willow diffusate for 24 hours.

Within these two

groups, twenty cuttings of each species were treated with either 0.0%, 0.8%, or 3.0% IBA
IV

in talc. After 61 days, holly cuttings treated with 3.0% IBA produced the greatest mean
number of roots but were not significantly different from those treated with locust
diffusate followed by 0.8% and 3.0% IBA. After 71 days, chinese fringetree cuttings
treated with locust diffusate followed by 3. 0% IBA produced the greatest mean number of
roots but were not significantly different than locust diffusate followed by 0.8% IBA.
After 75 days, only one white fringetree cutting treated with locust diffusate followed by
3.0% IBA produced roots. A similar test using willow diffusate followed by 3.0% IBA on
softwood cuttings of juvenile white fringetree resulted in an 80% success rate.
A comparison of leached and non-leached cuttings of chinese fringetree and
white fringetree was made to determine their effects on rooting.

On 9 July 1996, 60

cuttings of each species were double wounded; of these, 20 cuttings were treated with
3. 0% IBA in talc; 20 cuttings received a 24 hour soak in locust diffusate followed by
3.0% IBA in talc; and 20 cuttings received a 24 hour soak in willow diffusate followed by
3.0% IBA in talc. These cuttings were compared to the water-leached cuttings in the
previous experiment. After 71 days, non-leached cuttings treated with willow diffusate
followed by 3.0% IBA produced the highest mean number of roots and were significantly
different from all other treatments.
White fringetree diffusate was prepared by placing ten fresh terminal shoots basal
end down in a beaker containing 200 ml of water for 24 hours. Terminal shoots were then
discarded. Twenty softwood cuttings of holly were leached in water for 24 hours, double
wounded and placed basal end down in the diffusate for 24 hours. Cuttings were then
treated with 3.0% IBA in talc. These holly cuttings were compared to holly cuttings
V

treated with either a water control, or locust diffusate, or willow diffusate followed by
3. 0% IBA in the first experiment. After 61 days, results showed white fringetree diffusate
did not inhibit rooting, and promoted more roots than willow diffusate followed by 3. 0%
IBA

A mung bean bioassay was used to partially characterize and verify the effects of
the diffusates. Diffusates were made from chopped frozen locust or willow terminal stems
placed in water (10 g I 300 m1H2O), and stirred for 24 hours. Mung bean cuttings treated
with either locust or willow diffusate (5 ml/ 10 ml H 2O) plus 8 ppm IBA stimulated the
production of roots more than IBA or either diffusate alone. A dose response test showed
a significant increase in rooting as concentrations increased (0%, 3.3%, 16.7%, 25.0%,
and 33.3%) for both diffusates.

Ethyl acetate extracts of each diffusate at pH 3.0

produced more roots than extracts at pH 7.0. A thermal stability test (20 min. at 121C) of
the diffusates showed locust and willow diffusates/extracts maintained most of their rootpromoting activity. Silica gel thin-layer chromatography of locust diffusate and pH 3.0
extract showed no detectable color spots when tested for indoles.

Willow diffusate

showed five detectable color bands, which were pink and rose in character, at Rf 0.05,
0.25, 0.35, 0.68, and 0.93. Willow extract pH 3.0 showed four similarly colored bands at
Rf0.24, 0.38, 0.54, and 0.73. These colors indicated the presence of indoles in the willow
diffusate and the willow extract pH 3.0. Willow diffusate fraction four (Rf= 0.68) was
the only band that produced significantly more roots than a water control in the mung
bean bioassay.

VI

Results of this thesis support the use of easy-to-root plant diffusates followed by
IBA in talc to increase rooting of moderate to difficult-to-root plants such as chinese
fringtree and white fringetree.

The mung bean bioassay demonstrated root promoting

substances existed in both locust and willow diffusate and their pH 3.0 ethyl acetate
extracts. Both locust diffusate and locust extract pH 3.0 failed to produce color spots
when tested for indoles after thin layer chromatography. Both willow diffusate and willow
extract pH 3. 0 tested positive for four to five indoles but these were unidentified.

Vil
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CHAPTER I

Introduction

Treatments of aqueous diffusates from stems of easy-to-root plants have been
known to influence rooting of stem cuttings. Previous research indicated the presence of
at least four root-promoting substances, termed "co-factors", in diffusates from easy-toroot softwood cuttings (Girouard and Hess, 1964; Kawase, 1971; LeClerc and Chong,
1983). In difficult-to-root plants, these cofactors are postulated to be either missing or
limited. The application of these missing cofactors to a difficult-to-root cutting may
increase the probability of rooting. The limited amount of research in this area support
this hypothesis. Further results have shown these co-factors have a strong synergistic
effect with auxins on root formation on cuttings (Hess, 1964; Kawase, 1964, 1970, 1972;
LeClerc and Chong, 1983).
Both

chinese

fringetree

(Chionanthus

retusus),

and

white

fringetree

(Chionanthus virginicus) are important and valuable plants of the nursery and landscape
industry.

Many consider both fringetrees as premier specimen plants due to their

refinement, bold foliage, dignity, and class when in flower (Dirr, 1990). White fringetree
is extremely difficult to propagate by stem cuttings.

To date, there are no scientific

reports of it being commercially produced in this manner. Chinese fringetree is moderately
difficult-to-root but is commercially propagated from stem cuttings.

In addition to its

difficult rooting behavior, fringetree takes years to produce by seedlings. Surveys in 1988

and 1995 ranked white fringetree as one of the most difficult plants to propagate
(Gamstetter and Gulick, 1996). The surveys showed that, although white fringetree was
considered "unavailable", it was one of the top plants in market demand. Propagation
difficulties have made white fringetree an expensive plant in the trade and reduced its
usage. By increasing the production of white fringetree we could lower the cost and
satisfy the demands of the market.
The objectives of this research were to:
1) investigate

black

locust

(Robinia

pseudoacacia)

or

contorted

willow

(Salix xerythroflexuosa) water diffusate as a pretreatment for rooting of stem cuttings
of white fringetree, chinese fringetree and holly (flex x'Nellie R. Stevens'),
2) investigate whether or not leaching of cuttings removed inhibitors and increased

rooting of white fringetree and chinese fringetree,
3) investigate whether or not rooting inhibitors from white fringetree diffusates

influenced rooting of holly,
4) verify the effects of the diffusates using a mung bean (Vigna radiata) bioassay, and
5) partially chemically characterize black locust and contorted willow diffusate and

extracts.
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CHAPTER II

Review of Literature

History of Propagation
Vegetative propagation of plants by rooting cuttings (cuttage) was successfully
used hundreds of years before any study, much less understanding, of the underlying
biological process existed. For some species, cuttage was old practice even in antiquity,
as evidenced in the writings of Aristotle and Pliny, but cuttage was never successful
enough to fulfill all the propagation needs for all plants and continues to be unsuccessful
for certain plants (Davis and Haissig, 1994). The unpredictable nature of rooting was
reduced in 1934 as a result of the identification of IAA as a root promoter (Janick, 1986;
Davis, et al., 1988; Hartmann, et al, 1990). This discovery led to the development of the
standard auxin treatment (IBA) used today to promote rooting of most cuttings. Auxins
do not induce adventitious root formation effectively on all species - these plants are
known as "difficult-to-root".

Difficult-to-root plants are a propagation hurdle for the

nursery industry and slow the economical production of many worthwhile plant materials.
Another significant development in propagation by cuttings was the invention of
misting and fogging systems in the 1940' s. The death of leaves by desiccation, before
rooting was achieved, used to be a primary cause of failure in propagation by cuttings
(Janick, 1986).

The absence of roots prevented sufficient water intake to maintain

turgidity as leaves and new shoot growth continued to lose water by transpiration (Janick,
3

1986; Hartmann et al., 1990). The use of mist maintained high humidity and reduced leaf
temperature by maintaining a water film on the leaf surface (Janick, 1986; Hartmann et al.,
1990). This reduced transpiration and increased turgidity which prolonged the life of leafy
cuttings until roots had a chance to form. Mist propagation was so effective that it
became a standard in most commercial and experimental nurseries (Davis et al., 1988;
Hartmann et al., 1990).

Recently high pressure fog systems have supplemented

intermittent mist systems in some installations (Hartmann et al., 1990).

Cofactors
Research conducted by Hess and Kawase in the early 1970' s may offer a possible
solution for overcoming the difficulties of rooting certain plants such as white fringetree.
They discovered that plants which are easy-to-root contain root-promoting substances
which can be utilized to enhance rooting of other species (Hess, 1959, 1963; Kawase,
1971a, 1972, 1981). Hess (1963) theorized that plants that are difficult-to-root may be
deficient in "rooting cofactors."

Therefore, one may correlate the number of cofactors

that are present with the ability of a cutting to root (Hess, 1959, 1961). Kawase (1971a,
1972) and Hess (1959) demonstrated that these root-inducing substances showed a strong
synergistic effect with IAA by promoting rooting more than either alone.
Subsequent research by Hess (1961) and Girouard (1968) focused on the diffusion
of root-promoting substances from juvenile stems of Hedera helix. Hess (1959, 1963)
and Girouard (1968) concluded that four specific cofactors promoted root initiation. For
cofactor one, no active components were identified. For cofactor two, chlorogenic acid
4

was a component with other identifiables. Cofactor three had at least three constituents:
chlorogenic and isochlorogenic acids, and a phenolic compound that had at least three
isomers. Cofactor four represents a group of active substances tentatively characterized
as oxygenated terpenoids (Hess, 1961; Girouard, 1968; Davis et al., 1988; Hartmann et
al., 1990). Fadl and Hartmann's (1967) research on endogenous root-promoting factors
obtained from basal sections of 'Old Home' pear cuttings showed root-promoting
cofactors at different chromatogram zones using 10 isopropanol : 1 water (by volume) as
the solvent system. These were bioassayed by the mung bean rooting test, which showed
high levels of promotion in pear basal extracts (Fad! and Hartmann, 1967). Kawase's
(1964, 1971) results on root-promoting substances from Salix alba generated interest.
The diffusate strongly promoted rooting of mung bean. In addition, willow diffusate had a
strong synergistic effect with IAA on the root formation of mung bean cuttings (Kawase,
1964, 1970). Using paper chromatography, Kawase (1964, 1970, 1971a) discovered that
willow extract contained at least three root-promoting fractions at Rf 0-0.1, 0.3-0.4, and
0.7-0.8 in 8 isopropanol : 1 ammonia: 1 water (by volume). Further research showed that
rooting substances were successfully extracted from Cotoneaster racemiflora soongorica
Reg. & Herd.) Schneid., Euonymus Jortunei carrierei (Vauvel) Rehd., and other plants
(Kawase, 1971a, 1972). Without exception, cuttings of all species studied contained
rooting substances similar to those found in willow cuttings (Kawase, 1971a, 1972).
Chong and LeClerc (1983) confirmed the favorable use of plant extracts, from Salix alba
var. tristis and Populus nigra 'Italica', for stimulating rooting of certain species.
Additional research has demonstrated that some plant tissues contain endogenous non5

auxm substances that alone or in combination with an auxm promote formation of
adventitious roots (Davis et al., 1988; Hartmann et al., 1990; Davis and Haissig, 1994).
The number of cofactors that are present may be correlated with the ability of a
cutting to root (Hess, 1959, 1961; Hartmann et al., 1990). In other words, if the cutting is
very easy-to-root it may have four cofactors present; if difficult-to-root it may have only
one (Hess, 1959, 1961; Hartmann et al., 1990). Researchers are trying to purify and
identify these cofactors for practical use in propagation. The theory is that if difficult-toroot species are missing these cofactors, then rooting should increase with externally
applied cofactors.
Biologically, it is thought that plants and tissues may differ in their competence for
rooting (James and Thurborn, 198 I; Hartmann et al., 1990; Davis and Haissig, I 994).
The fact that some plant tissues appear different in their competence to form adventitious
roots suggests that the progression of cells into a state competent for root organogenesis
may not occur in plants that are difficult-to-root (Meins and Binns, I 979; Davis and
Haissig, 1994).

Although the molecular basis for competence is not known, one

possibility is that competence reflects the expression of receptors for root-inducing
cofactors (Meins and Binns, 1979; Wareing and Graham, 1984). The cofactors formed in
easy-to-root plants may be the required stimuli to make a cell react to a root initiation
inducer. Once competent cells/tissues have been exposed to a root initiation inducer, such
as IAA or IBA, the tissue may become determined for root formation (James and
Thurborn, 1981; Davis et al., 1988; Davis and Haissig, 1994).

6

Leaching of Cuttings
Endogenous rooting inhibitors have been found in a number of species. These
inhibitors may have been the cause of rooting failure in certain difficult-to-root cuttings
(Reuveni and Adato, 1974). Spiegel (1955) concluded that, when working with easy-toroot and difficult-to-root cuttings of grapes, difficult-to-root cuttings contained an
inhibitor or a substance which would block rooting rather than promote it.
Leaching is a method which may appreciably influence rooting response.

The

benefits derived from the leaching of cuttings in water have been known in the past
(Treccani, 1950; Spiegel, 1955; Kawase, 1971b, 1971c).

Leaching cuttings in water

releases water-soluble inhibitors (Spiegel, 1955; Hess, 1959). Leaching not only increases
the percentage of rooted cuttings but also enhances the number of roots formed (Spiegel,
1955; Hess, 1959). Treccani (1950) and Spiegel (1955) found that leaching increased
auxin action and rooting response in stem cuttings. Kawase ( 1971b, 1971c) concluded
that leaching increased the ethylene concentration in softwood cuttings which in turn
stimulated root formation (Treccani, 1950; Bartolini et al., 1976). Benefits derived from
leaching have been more pronounced in species that are difficult-to-root (Spiegel, 1955).
Optimal leaching periods have not yet been established for most difficult-to-root species.

Propagation of Chionanthus species
Seed propagation of fringetree is time-consuming and burdensome. Seeds have a
double dormancy and normally require two years for germination.

Radicle emergence

takes place during the first spring after seed-fall (Russell, 1983). The following winter
7

epicotyl dormancy is overcome. Shoot germination occurs during the second spring after
seed-fall (Russell, 1983). Flanagan and Witte (1991) were successful in obtaining early
germination of some seeds in germination experiments using gibberellic acid, scarification,
and stratification]Fordham (1960) was also successful in using stratification techniques to
achieve early germination of seeds.
(_Fringetree propagation by grafting has been reported but no mention has been
made in the literature of its commercial feasibility (Dirr, 1990.8 W. Bean (1970) reports
that fringetree may be grafted onto ash (Fraxinus), but the plants resulting from this union
are not as healthy or long-lived as those on their own roots. This is probably due to the
relatively distant relationship of fringetree to ash. Although both are in the same family,

O/eaceace, they are in different tribes of the family, Chionanthus being in Oleinaea and
Fraxinus being in Fraxinaea (Russell, 1983; Flanagan and Witte, 1991).] Chinese
fringetree can be grafted onto white fringetree (Bean, 1970) but no information was given
on the longevity of the plant (Russell, 1983).
( Propagation of fringetree by softwood cuttings has been an ongomg task and
challenge for many years] In 1942, Stoutemyer was the first to report success in the
rooting of chinese fringetree.

His four key ingredients to successful rooting were

maintenance of high humidity, use of plant growth substances, time of taking cutting and
use of different rooting medium (Stoutemyer, 1942). Since Stoutemyer' s discovery many
propagators have refined his methods and have been successful at rooting chinese
fringetree for commercial purposes.I""White fringetree, however, still remains a challenge.
There have been several extensive efforts in trying to root it, but most have failed or have
8

had very low success rates. Del Tridici and Dirr set up an elaborate rooting experiment on
fringetree to no avail (Dirr, 1990] Tarheel Native Trees may be one of the only nurseries
commercially propagating white fringetree using cuttings with a 40-50% success rate
(Allan, S. M., personal communication, 1997).
identified stock of Chionanthus pygmaeus.

However, this may actually be misWhite fringetree is more commonly

propagated using seeds.

Propagation Challenges
(

Cutting propagation of difficult-to-root plants remains a challenge for the nursery

industry.

Research has shown that white willow and some other woody ornamentals

contain "diffusable rooting substances" (Kawase, 1964, 1970, 1981).

Because of this

discovery, it is important to explore other species, methods of extraction, and
combinations with auxins to determine root-promoting potentials of these mixtures. By
extracting root-promoting substances in a different manner we may generate better
rooting, which may also lead to a greater understanding of root initiation. Due to the
commercial importance of vegetative propagation, many propagators are interested in new
and improved methods that will initiate rooting.

Further, these naturally occurring

compounds may prove to be the "dream" chemicals long sought by nurserymen for
stimulating rooting of difficult-to-root plant species (Kawase, 1972, 1981). Successfully
rooting species that are presently difficult or uneconomical to root by stem cuttings will
give the nursery industry new plant products and larger markets.J
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CHAPTER ill

Experiment 1- Stem Cutting Propagation of Woody Ornamentals
Using Plant Diffusates

General Experimental Materials and Methods

Plant Materials
Three woody ornamental plants were used for propagation purposes throughout
this study: holly, chinese fringetree and white fringetree. These plants were selected for
their differences in rooting ability:

holly - very easy-to-root, usually 100% success;

chinese fringetree - moderately difficult-to-root, 40-50% success; and white fringetree very difficult-to-root, < 1% success.

The differences in rooting ability between these

plants will provided a basis for comparing results obtained from either locust or willow
diffusates.
At predawn on 8 July 1996, terminal softwood cuttings of holly and chinese
fringetree were collected from the University of Tennessee Agriculture Campus,
Knoxville. On the same morning, terminal semi-hardwood cuttings of white fringetree
were collected from a private garden located in Knoxville, Tennessee. The estimated age
of the holly, chinese fringetree, and white fringetree stock plants- were 25 years, 13 years,
and 25 years old, respectively.
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Cuttings were severed from plants and immediately placed basal end down in
separate 25 liter containers lined with plastic bags containing 10 cm tap water. Once all
cuttings were collected, they were placed in a greenhouse under 90% shade cloth and
intermittent mist. Cuttings were stripped except for the upper four to five leaves and
pruned to approximately 9 cm in length. All cuttings were manually double wounded at
the basal end using the cutting blade of Felco shears (Penn State Seed Co., Highstown,
N.J.).

Basal wounding has proven beneficial in rooting certain species, such as

rhododendrons and junipers (Hartmann et al., 1990).

In addition, wounded cuttings

absorb more water from the medium than unwounded cuttings, and wounding may permit
greater absorption of applied growth regulators by the tissue (Hartmann et al., 1990). The
wound was a shallow tangential slice approximately 2.5 cm from the base on both sides of
each cutting, which removed the bark and exposed the cambium.

Diffusates
Three individual crude water diffusates were derived from black locust, contorted
willow and white fringetree as described in page 25. On the morning of 8 July 1996, 2. 04
kg (4½ lb.) of fresh terminal shoots of black locust and contorted willow shoots were
collected from plants growing in trial gardens at the University of Tennessee Agriculture
Campus, Knoxville. Locust and willow shoots were stripped of leaves, divided into thirds
and chopped into pieces approximately 5 cm in length. The chopped material (680.0 g)
was then placed in individual buckets containing 4 liters of tap water and allowed to steep
for 24 hours in greenhouse conditions. This process created both LD and WD.
11

Propagation of Cuttings
Dyna-flats (10 cm x 35 cm x 50 cm) with holes (Hummert International™, Earth
City, Mo.) were filled with a mixture of 3 shredded peat: 1 sand (by volume) to a depth of
approximately 7 cm.

Cuttings were randomly stuck and flats were placed under

intermittent mist. Mist was applied from 6:00 AM to 10:00 PM with intervals of 15
seconds every 15 minutes for the first five weeks, then extended to 15 seconds every 30
minutes for the remaining weeks. A tent made of 3. 0 mm clear polyethylene plastic was
used to cover cuttings. Cuttings received ambient light. Temperature was maintained at
18C at night with day temperatures not exceeding 30C.

Root Evaluation
A numerical rating scale of five classes was set up for each experiment where: one
- no roots, two - poorly rooted, three - average number of roots, four - above average
number of roots, and five - heavily rooted.

Cuttings were subjectively evaluated for

rooting by three independent judges by making the closest match to the representative
cutting for each class.

Maximum root spread of each rooted cutting was measured and

recorded in centimeters (cm) after spreading the two longest roots in opposite, horizontal
( 180°) directions.
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Black Locust or Contorted Willow Water Diffusates Influence on Rooting Cuttings of
Holly, Chinese Fringetree and White Fringetree

Introduction
The objective of this study was to determine the effects of either LD or WD as a
pretreatment followed by treatments of IBA in talc on rooting of stem cuttings of holly,
chinese fringetree and white fringetree.

Materials and Methods
This experiment was arranged as a completely random design for each species. A
3 x 3 factorial arrangement of treatments with IBA in talc (0.0%, 0.8%, 3.0%) and
diffusates (control - tap water, locust, willow) with 20 replications was used as the
experimental design.

The experimental unit was a single cutting.

Each species was

treated as a separate experiment (holly, chinese fringetree, white fringetree).
On the morning of 8 July 1996, LD and WD were prepared. One hundred eighty
cuttings of each species (holly, chinese fringetree, white fringetree) were placed in
containers containing 10 cm of tap water. A hose with running water was placed in each
of the containers. The water exchange rate was approximately 1 liter every 15 minutes.
Cuttings were bathed in running tap water for 24 hours.
The following morning, 60 cuttings of each species were removed for the control
treatments of 0.0%, 0.8% and 3.0% IBA in talc. These cuttings were double wounded,
treated and immediately inserted in media. The remaining cuttings of each species were
13

divided into two groups of 60 cuttings and were double wounded. Each group was placed
in separate containers containing either the LD or WD. Cuttings steeped for 24 hours in
the diffusates. After steeping, cuttings were divided into three groups, which received the
same hormone treatments as the control group, and were inserted into the media.
On 9 September 1996, 61 days after being stuck, holly cuttings were harvested,
evaluated for rooting, and data were recorded. On 19 September 1996, after 71 days,
chinese fringetree cuttings were harvested, evaluated for rooting, and data were recorded.
On 25 September 1996, after 76 days, white fringetree cuttings were harvested, evaluated
for rooting, and data were recorded.

Data were subjected to analysis of variance

(ANOVA) (SAS Institute, Cary, N.C.) and means separated using the Duncan's multiple
range test at the 5% level.

Results and Discussion ofllex x'Nellie R. Stevens'
There were no significant differences (p < 0.05) in mean number of roots between
3.0% IBA and LD followed by either 0.8% or 3.0% IBA treatments (Table 1). However,
significant differences (p < 0.05) were found between 3.0% IBA and WD followed by
0.8% and 3.0% IBA treatments of holly cuttings (Table 1). Figure 1 shows the five class
rating scale for rooting.
Mean maximum root spread results varied from the mean root class (Table 1). LD
followed by 0.8% IBA produced the highest mean root spread and was significantly
different from all other treatments. Water followed by 3.0% IBA, WD and LD followed
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Table 1. Effect of diffusates and IBA levels on mean root class and mean maximum root
spread of holly (flex x'Nellie R. Stevens') cuttings.

Treatments
zyx

zx

%IBA

X root class

control (water)

0.0

2.5 e

8.0 cd

control (water)

0.8

4.1 b

8.7 C

control (water)

3.0

4.6 a

14.0 b

black locust

0.0

2.3 e

5.8 d

black locust

0.8

4.4 a

17.9 a

black locust

3.0

4.4 a

12.5 b

contorted willow

0.0

3.2 d

13.2 b

contorted willow

0.8

3.9 b

12.1 b

contorted willow

3.0

3.5

Diffusate

2

X max. root seread, cm

8.4 cd

C

Means within a column followed by the same letter are not significantly different at
alpha= 0.05 using Duncan's multiple range test.

Y Subjective

visual class of 1 = no roots, 2 = poorly rooted, 3 = average number of roots,

4 = above average number of roots, and 5 = heavily rooted.
x Values

are means of observation from twenty replications based on one experiment.
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1

2

3

4
Figure I. The five classe of the
visual root rating scale of holly
(flex x'Nellie R. Stevens')
cuttings.

16

by 3.0% IBA, and WD followed by 0.8% IBA, were next in producing mean maximum
root spread and were not significantly different from one another.
LD followed by IBA was more effective in producing roots than WD followed by
IBA. It appears that LD may contain substances that stimulate rooting or enhance the
activity of IBA better than WD. Another theory may be that WD followed by IBA may
create too strong a root stimulating treatment resulting in the inhibition of rooting, or WD
could reduce the activity of IBA. This would concur with LeClerc and Cheng's (1983)
reported results that Salix alba var. tristis diffusates with IBA had inhibitory effects on
rooting of Cotoneaster acutifolius cuttings.

Proebsting (1983) also found that auxins

(I 500 ppm IBA, 750 ppm NAA) plus willow water extracts of Salix purpurea or Arctic
willow shoot tips failed to stimulate rooting of certain rhododendron species.
Since no improvement resulted from either diffusate followed by IBA, these results
suggest that cuttings treated with only IBA in talc may still be the foremost method of
rooting easy-to-root plants such as holly. Further, these results concur with Hess's (1959,
1961) theory that easy-to-root plants may already contain all the necessary "cofactors"
needed for successful rooting.

Results and Discussion of Chionanthus retusus.
There were significant differences (p < 0.05) in the mean class of roots between
LD followed by either 0.8% or 3.0% IBA, and 3.0% IBA alone (Table 2). WD followed
by 3.0% IBA was also significantly different (p < 0.05) than 3.0% IBA alone (Table 2).
Figure 2 shows the five class rating scale for rooting.
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Table 2. Effect of diffusates and IBA levels on mean root class and mean maximum root
spread of chinese fringetree (Chionanthus retusus) cuttings.

Treatments
Diffusate

%IBA

zyx

X root class

zx

X max. root seread, cm

control (water)

0.0

1.0 e

0.0

control (water)

0.8

2.1 d

7.0 ab

control (water)

3.0

2.5

8.1 ab

black locust

0.0

I.le

0.0

black locust

0.8

3.3 ab

9.5 a

black locust

3.0

3.5 a

10.7 a

contorted willow

0.0

1.0 e

0.0

contorted willow

0.8

2.1 d

5.1 b

contorted willow

3.0

3.0 b

9.7 a

z Means

C

C

C

C

within a column followed by the same letter are not significantly different at

alpha= 0.05 using Duncan's multiple range test.
Y

Subjective visual class of 1 = no roots, 2 = poorly rooted, 3 = average number of roots,

4 = above average number of roots, and 5 = heavily rooted.
"Values are means of observation from twenty replications based on one experiment.
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1

4
Figure 2. The five classes of the
visual root raiting scale of chinese
fringetree (Chionanthus refllsus)
cuttings.
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Differences in maximum root spread were similar to differences for mean root
class except that WD followed by 3. 0% IBA produced longer roots than LD followed by
0.8% IBA in talc (Table 2). Overall, diffusate treatments followed by IBA and IBA alone
did not result in different maximum root spreads.

However, they were different than

cuttings treated with diffusates alone.
Chinese fringetree cuttings steeped in LD followed by IBA (0.8% and 3.0%) in
talc and WD followed by 3. 0% IBA in talc rooted better than cuttings treated with IBA
alone.

These findings support the use of easy-to-root plant diffusates (Hess, 1961;

Kawase, 1971a, 1981; LeClerc and Chong, 1983) combined with IBA to increase rooting
of moderately difficult-to-root plants.

Further, these findings support Hess's ( 1961)

theory that difficult-to-root plants may be lacking certain cofactors or other ingredients
necessary for successful rooting.

Hess (1961) and Kawase ( 1971a) both believed that

providing cuttings with the missing ingredients, through the use of easy-to-root diffusates,
could increase the capability of root formation. Although IBA plays a key role in the
initation of roots, a number of other substances have the ability to stimulate rooting or
enhance the activity of IAA (Hess, 1963). LD and WD may contain substances that
stimulate rooting or enhance the activity of IBA as Hess (1963) suggested.
Wounding has been proven to be an effective method for increasing rooting of
certain plants (Hartmann et al., 1990).

Usually wounding stimulates root production

along the margins of the wound (Hartmann et al., 1990). However, all cuttings in this
experiment formed roots above the wounded areas (Figure 3). Therefore, wounding may
be an ineffective method for increased rooting of chinese fringetree.
20

Figure 3. Chinese fringetree ( Ch;onanthus retusus)
cuttings formed roots above the wound.
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Results and Discussion of Chionanthus virginicus
Out of 180 cuttings, only one cutting produced roots (Table 3) . This cutting was
treated with LD followed by 3.0% IBA and produced only four roots (Figure 4).
However, over 60% (12 out of 20) of the cuttings treated with either LD or WD alone, or
treated with either LD or WD and followed by IBA, developed callus on the wounded
area (Figure 4). This is compared to cuttings treated with IBA alone which developed
callus at a rate of 5.0% (1 out of 20).

In some species, callus formation may be a

precursor of adventitious root formation or occurs concurrently (Hartmann et al., 1990).
Origination of adventitious roots from callus tissue has been associated with difficult-toroot species (Hartmann et al., 1990).

These results indicate the diffusates may be

beneficial in promoting roots of white fringetree.

Further experiments should be

conducted using these diffusates. The reason these cuttings failed to root is unknown.
However, the results are not surprising when compared to limited reports of white
fringetree being propagated by stern cuttings. A contributing factor may have been the
age and health of the parent plant. The plant was in its mature phase and generally, the
more juvenile the plant the higher the success rate of rooting.

Also, in general, the

healthier the plant the better the chances for rooting. This plant was a multiple trunk tree
and certain trunks were showing signs of decay and deterioration. Successful rooting of
white fringetree occurred in a separate experiment conducted in the spring of 1996 using
WD followed by 3.0% IBA in talc (Appendix 1.).
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Table 3. Effect of diffusates and IBA levels on mean root class and mean maximum root
spread of white fringetree (Chionanthus virginicus) cuttings.

Treatments
Diffusate

¾IBA

zyx

X root class

zx

X max. root SQread,cm

control (water)

0.0

1.0 b

0.0 a

control (water)

0.8

1.0 b

0.0 a

control (water)

3.0

1.0 b

0.0 a

black locust

0.0

1.0 b

0.0 a

black locust

0.8

1.0 b

0.0 a

black locust

3.0

I.la

2.5 b

contorted willow

0.0

1.0 b

0.0 a

contorted willow

0.8

I.Ob

0.0 a

contorted willow

3.0

I.Ob

0.0 a

2

Means within a column followed by the same letter are not significantly different at
alpha= 0.05 using Duncan's multiple range test.

Y

Subjective visual class of 1 = no roots, 2 = poorly rooted, 3 = average number of roots,

4 = above average number of roots, and 5 = heavily rooted.
x

Values are means of observation from twenty replications based on one experiment.

23

L0+3.0% IBA

LO

W0+3.0% IBA

WO

Figure 4. White fringetree (Chionanrhus 1·itginicus) cuttings treated with: black locust
diffu ate (LO) follo\ved by 3.0% IBA in talc (top left); LO alone (top right); willow
(Su/ix xe,ythrojle:wosa) diffusate (WO) followed by 3.0% IBA (bottom left); and WO
alone (bottom right).
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Influence of White Fringe tree Di[fusate on Rooting Stem Cuttings of Holly

Introduction
Diffusates from some difficult-to-root plants have been shown to release rooting
inhibitors when soaked in water (Spiegel, 1955; Hess, 1959, 1963). When an easy-to-root
plant was placed in this water for a period of time rooting was inhibited (Spiegel, 1955;
Hess, 1959).

The objective of this study was to test the effects of white fringetree

diffusate (CVD) a difficult-to-root plant, on holly, a very easy-to-root plant.

Materials and Methods
This experiment consisted of one new treatment, CVD followed by 3. 0% IBA in
talc, with 20 replications. These holly cuttings were compared to holly cuttings steeped in
either a water control, or LD, or WD followed by 3.0% IBA as in a previous experiment
(Table 1, page 15). The experimental unit for the experiment was a single cutting.
On 12 July 1996, ten fresh terminal semi-hardwood cuttings of white fringetree, 14
to 16 cm in length, were harvested and placed basal end down into a beaker containing
200 ml of tap water for 24 hours. Terminal shoots were then discarded. Twenty fresh
terminal softwood cuttings of holly were double wounded, placed basal end down into the
beaker and allowed to steep for 24 hours. All cuttings were then treated with 3. 0% IBA
in talc and inserted in the media. On 9 September 1996, 61 days after being stuck, the
experiment was harvested, evaluated for rooting, and data were recorded.
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Results and Discussion
There were significant differences (p < 0.05) between the treatments.

Cuttings

that were treated with CVD produced the third highest mean class of roots and was
significantly different from cuttings produced by all other treatments (Table 4). Cuttings
treated with only 3.0% IBA and LD followed by 3.0% IBA produced more roots than
CVD. WD followed by 3.0% IBA produced fewer roots than CVD. Table 4 shows the
mean class of roots and mean maximum root spread per treatment.

Figure 5 shows an

example of a holly cutting treated with CVD.
Mean maximum root spread was similar to the mean number of roots. However,
3.0% IBA, LD followed by 3.0% IBA, and CVD followed by 3.0% IBA were not
different from one another (Table 4). These treatments were different in mean maximum
root spread than WD followed by 3. 0% IBA. Results are to be compared to 3. 0% IBA,
LD followed by 3. 0% IBA, and WD followed by 3. 0% IBA.
These results showed that white fringetree, a difficult-to-root plant, caused a minor
reduction in rooting on holly cuttings when compared to the IBA treatment. Willow, an
easy-to-root plant had an even stronger effect in reducing roots than CVD and IBA.
These results do not agree with the general conclusion that difficult-to-root plants inhibit
rooting (Hess, 1959; Spiegel, 1955). A possible reason for CVD not inhibiting rooting is
that holly may already have all the necessary components for rooting and that influential
factors such as a CVD soaking may be an ineffective method for inhibiting rooting. WD's
root reduction could be attributed to a stronger root inhibitor or be too strong of a root
promoting substance when followed by IBA when compared to the other treatments.
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Table 4. Effect of diffitsates and 3.0% IBA on mean root class and mean maximum root
spread of holly (flex x'Nellie R. Stevens') cuttings.

Treatments
Leached

Diffitsate

¾IBA

zyx

X root class

zx

X max. root s~read, cm

control (water)

yes

3.0

4.6 a

13.9 a

black locust

yes

3.0

4.4 a

12.5 a

contorted willow

yes

3.0

3.5 C

8.4 b

white fringetree

yes

3.0

4.1 b

12.1 a

z Means

within a column followed by the same letter are not significantly different at

alpha= 0.05 using Duncan's multiple range test.
Y Subjective

visual class of 1 = no roots, 2 = poorly rooted, 3 = average number of roots,

4 = above average number of roots, and 5 = heavily rooted.
x Values

are means of observation from twenty replications based on one experiment.
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4.1
Figure 5. Holly (flex x'Nellie R. tevens')cutting treated
with white fringetree (Chivnonrhus virginicus) diffusate
follo\\'ed by 3.0% IBA in talc. umber in the lower right
corner repre ents the mean root rating clas .
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However, the combination of CVD followed by 3.0% IBA on holly has not been
previously researched and is an example where this theory does not hold true.

Comparison of Non-Leached Versus Leached Cuttings on Rooting of Chinese Fringetree
and White Fringetree

Introduction
In certain woody plants, rooting has been increased by steeping or leaching
vegetative cuttings (Treccani, 1950; Spiegel, 1955; Bartolini et al., 1976). Difficult-to-root
plants have demonstrated more benefits from leaching than easy-to-root plant cuttings
(Treccani, 1950; Spiegel, 1955; Bartolini et al., 1976). These methods may release watersoluble inhibitors that prevent cuttings from rooting (Treccani, 1950; Spiegel, 1955;
Bartolini et al., 1976). Actual leaching periods have not been established nor [have we
identified] which plants' cuttings benefit from this procedure (Treccani, 1950; Spiegel,
1955). The objective of this experiment was to determine ifleaching of chinese fringetree
and white fringetree cuttings would be beneficial in promoting roots. These cuttings were
compared to the leached cuttings of the previous experiment.

Materials and Methods
This experiment was arranged in a completely random design with two species
(chinese fringetree and white fringetree), using three treatments (control-tap water, LD
29

and WD) and followed by 3.0% IBA in talc with 20 replications. The experimental unit
for the experiment was a single cutting.
At predawn on 9 July 1996, 60 cuttings of each species were collected and double
wounded; of these, 20 cuttings were treated with 3.0% IBA in talc; 20 cuttings received a
24 hour soak in LD followed by 3.0% IBA in talc; and 20 cuttings received a 24 hour
soak in WD followed by 3. 0% IBA in talc and inserted into media.
On 19 September 1996, 71 days after being stuck, chinese fringetree cuttings were
harvested, evaluated for rooting, and data were recorded.

On 25 September 1996, 76

days after being stuck, the white fringetree cuttings were harvested, evaluated for rooting,
and data were recorded.

Results and Discussion of Chionanthus retusus
These cuttings were compared to the water leached cuttings steeped in either LD
or WD followed by 3.0% IBA in the previous experiment (Table 2, page 18). The nonleached cuttings treated with WD followed by 3.0% IBA produced the highest mean class
of roots and was significantly different (p < 0.05) than all other treatments (Table 5).
These cuttings produced significantly more roots than the best leached treatment (LD
followed by 3.0% IBA, Table 5, Figure 6). However, no significant differences (p < 0.05)
were found between leached and non-leached cuttings treated with water or LD followed
by 3.0% IBA (Table 5).

Cuttings treated with WD showed a significant difference

between the leached and non-leached cuttings (Table 5, Figure 6).
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Table 5. Effect of diffusates and leaching on mean root class and mean maximum root
spread of chinese fringetree (Chionanthus retusus) cuttings treated with 3. 0% IBA in talc.

Treatments
Leached

Diffusate

%IBA

zyx

X root class

zx

X max. root seread, cm

control (water)

no

3.0

2.3 d

4.8 C

control (water)

yes

3.0

2.5 d

8.1 be

black locust

no

3.0

3.3 be

11.0 ab

black locust

yes

3.0

3.5 b

10.7 ab

contorted willow

no

3.0

4.1 a

13.0 a

contorted willow

yes

3.0

3.0

9.7 ab

2

C

Means within a column followed by the same letter are not significantly different at
alpha= 0.05 using Duncan's multiple range test.

Y Subjective

visual class of 1 = no roots, 2 = poorly rooted, 3 = average number of roots,

4 = above average number of roots, and 5 = heavily rooted.
x Values

are means of observation from twenty replications based on one experiment.
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L-W0+3.0% IBA

WO+J.0% IBA

I

,•

I

'

L-LO+J.0% IBA

3.5
L0+3.0% IBA

Figure 6. Comparison of leached (L) and non-leached chinese fringetree

(Chionanth11s ret11s11s)
cuttings treated with either black locust (LO) or
willow ( Salix xer11rhrofle.rnosa) diffusate (WO) followed by 3.0% IBA

in talc. Numbers at lower right represent the mean root rating class.

Mean maximum root spread results were similar to mean root class. No significant
differences were found in mean maximum root spread between leached and non-leached
cuttings treated with either WD or LD followed by 3.0% IBA (Table 5). However, nonleached cuttings treated with WD followed by IBA were significantly different than nonleached cuttings treated with water followed by IBA (Table 5).
Cuttings steeped in either LD or WD followed by 3.0% IBA, whether leached or
not, rooted better than leached and non-leached cuttings treated with IBA alone (Table 5).
These findings support Hess (1961) and Kawase's (1971a) theories that the use of easyto-root plant diffusates combined with IBA could increase rooting of difficult-to-root
plants.

Further, these findings support the theory that difficult-to-root plants may be

lacking cofactors or other ingredients necessary for successful rooting (Hess, 1961). By
providing the cuttings with the missing ingredients, through the use of easy-to-root
diffusates, they may become capable of forming roots (Hess, 1961).
Overall, leached or non-leached cuttings steeped in water followed by 3.0% IBA
were not significantly different (p < 0.05) from one another.

Leached or non-leached

cuttings steeped in LD followed by 3. 0% IBA also were not significantly different
(p < 0.05) from one another. Non-leached cuttings steeped in WD followed by 3.0% IBA
were significantly different (p < 0.05) than leached cuttings steeped in WD followed by
3.0% IBA.

These results contradict Spiegel's (1955), Kawase's (1971b, 1971c) and

Treccani's (1950) theories that leaching may increase rooting response. It is well known
that certain propagation techniques to increase rooting may have varied results among

33

species. Leaching of chinese fringetree could be another example where this principle
holds true.

Results and Discussion of Chionanthus virginicus
These cuttings were compared to the water leached cuttings steeped in either LD
or WD followed by 3.0% IBA in the previous experiment (Table 3, page 23). All 90 nonleached cuttings failed to root and only one out of 90 leached cuttings rooted (Table 6).
This cutting was treated with LD followed by 3.0% IBA and produced four roots (Figure
4, page 24). The specific reason that these cuttings failed to root is unknown. For further
hypotheses on why cuttings failed to root refer to page 22, section entitled "Results and
Discussion of Chionanthus virginicus".

Conclusion and Summary

Introduction
These experiments were designed to:

a) test the effects of easy-to-root plant

diffusates (locust and willow) on rooting of various stem cuttings (holly, chinese
fringetree, and white fringetree ), b) test the effects of a difficult-to-root plant diffusate
(white fringetree) on an easy-to-root plant (holly), and c) determine if leaching is a
beneficial pretreatment for increasing rooting of chinese fringetree and white fringetree.
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Table 6. Effect of diffusates and leaching on mean root class and mean maximum root
spread of white fringetree (Chionanthus virginicus) cuttings treated with 3.0% IBA in
talc.

Treatments
Leached

Diffusate

¾IBA

zyx

X root class

zx

X max. root seread, cm

control (water)

no

3.0

1.0 b

0.0 b

control (water)

yes

3.0

1.0 b

0.0 b

black locust

no

3.0

1.0 b

0.0 b

black locust

yes

3.0

1.1 a

2.5 a

contorted willow

no

3.0

1.0 b

0.0 b

contorted willow

yes

3.0

I.Ob

0.0 b

2

Means within a column followed by the same letter are not significantly different at
alpha= 0.05 using Duncan's multiple range test.

Y Subjective

visual class of 1 = no roots, 2 = poorly rooted, 3 = average number of roots,

4 = above average number of roots, and 5 = heavily rooted.
x

Values are means of observation from twenty replications based on one experiment.
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Diffusates Effects on Woody Ornamentals
Both diffusates followed by IBA treatments failed to produce more roots than
3.0% IBA on stem cuttings of holly. LD followed by 3.0% and 0.8% IBA and WD
followed by 3. 0% IBA produced significantly more roots on stem cuttings of chinese
fringetree than IBA treatments alone. All treatments failed to produce roots on stem
cuttings of white fringetree except for one cutting treated with LD followed by 3. 0% IBA.
White fringetree diffusate followed by IBA did not inhibit rooting of holly stem
cuttings. In fact, it produced more roots than WD followed by IBA on holly cuttings.
Leaching cuttings as a pretreatment was only beneficial for chinese fringetree cuttings that
were treated with WD followed by 3. 0% IBA. These cuttings produced the most roots of
all the treatments.

LD and the control (water) followed by IBA showed no significant

difference between leached and non-leached cuttings. White fringetree cuttings failed to
root except for one cutting that was leached and treated with LD followed by 3.0% IBA.
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CHAPTER IV

Experiment 2- Mung Bean Rooting Bioassays

General Experimental Materials And Methods

Plant Materials
Mung bean (Vigna radiata L.) seeds were planted in F-1020-No Holes (51.2 cm x
26.0 cm x 5.4 cm) flats (Hummert International™, Earth City, Mo.), at 100 per flat,
containing moistened Pro Mix BX and covered with a clear plastic Propagation Dome
(Hummert International™, Earth City, Mo.). Flats were placed in a growth chamber at
28C with an 18 hour photoperiod using warm white fluorescent tubes. The light intensity
was 50.0 watts/m 2 and approximately 34.0 watts/m 2 under the cover. On the fourth day
the Propagation Dome was removed. Medium was kept moist and watered as needed.
On the seventh day, cuttings were harvested by cutting off the seedlings' root system
approximately 4 cm below the cotyledon node. The cutting consisted of approximately 5
cm hypocotyl, the epicotyl, the primary leaves, and the trifoliate bud (Hess, 1964). The
cotyledons were removed if they had not abscised by the time cuttings were prepared
(Hess, 1964).
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Diffusates
On 8 June 1996, 2. 0 kg of fresh terminal shoots of black locust and contorted
willow were collected from plants growing in trial gardens at the University of Tennessee
Agriculture Campus, Knoxville.

They were stripped of their leaves, placed in a

polyethylene freezer bag and stored in a freezer at -16.0C. Diffusates were derived by
placing 10 g of chopped black locust and contorted willow stems in separate beakers
containing 300 ml of deionized (DI) water and stirring for 24 hours at 6C. After the
stirring period, solutions were filtered and centrifuged at 6,000x g for 20 minutes. The
supernatant was poured into a plastic container and stored in a freezer at -16.0C until
needed.

Mung Bean Bioassay
One mung bean cutting per test tube (Fisher® brand disposable culture tubes 16 x
125 mm) containing 5 ml of either LD or WD and 10 ml of DI water was the standard
experimental unit for this bioassay. Once all treatments were set up for an experiment, the
racks of test tubes were placed in a growth chamber at 28C with an 18 hour photoperiod
using warm white fluorescent tubes for ten days. The light intensity was approximately
50.0 watts/m 2 .

The 15 ml liquid level was monitored daily through visual checks and, if

necessary, DI water was used to replenish it. After the fourth day, all solutions in the test
tubes were discarded and replaced with fresh DI water. This was repeated four days later.
On the tenth day, each cutting in an experiment was evaluated and the number of roots
longer than 3.0 mm recorded.
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Root Evaluation
Roots were counted by the same judge throughout

the entire study. All

experiments were designed and set up using a completely randomized design with each
treatment having ten replications. The experimental unit was one mung bean cutting per
test tube.

Data were

subjected to ANOVA (SAS Institute, Cary, N.C.) and means

separated using the Duncan's multiple range test at the 5% level.

Influence o(Either Black Locust or Contorted Willow Water Diffusates With or Without
Indolebutyric Acid on Rooting Cuttings o(Mung Bean

Introduction
In previous research both Hess (1964) and Kawase ( 1970) reported that plant
diffusates with auxins (IAA) had a strong synergistic effect on rooting. This combination
also produced more roots on a mung bean cutting than either alone. This experiment was
designed to test the effects of LD and WD, with and without IBA, on rooting of mung
bean cuttings.

Materials and Methods
These experiments were conducted using either LD or WD combined with IBA.
Hormex rooting powder No. 30 (3.0% IBA, Hummert International™, Earth City, Mo.) in
talc was made into an aqueous solution (2.0 g IBA powder/ 1 liter H 2 0) and stirred for
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15 minutes. The mung bean bioassay in these experiments consisted of 2 ml IBA stock
solution added to 5 ml of either diffusate and 8 ml DI water, yielding 8 ppm IBA per test
tube. This experiment was conducted three times: 6 June 1996; 28 June 1996, and 29 July
1996. Ten days after initiation, mung bean cuttings were harvested and evaluated for
rooting.

The average of these three experiments will be discussed in the results and

discussion (for individual experimental results and standard deviations, refer to
Appendix 2).

Results and Discussion
There were significant differences (p < 0.05) between the treatments.

LD with

IBA produced the highest mean number of roots but was not significantly different than
WD with IBA (Table 7).

LD, WD, and IBA alone produced the next highest mean

number of roots but were not significantly different from one another. Figures 7 and 8
show the differences in rooting between the LD treatments and the WD treatments,
respectively. None of the treatments effected root length and all roots were basically the
same length(~ 1.4 cm).
These results are similar to Hess's (1964) and Kawase's (1970, 1971a) work in
which diffusates showed an increase in rooting with indol-3yl-acetic acid (IAA) on mung
bean cuttings. These results suggest that LD and WD have an additive effect with IBA on
rooting of mung bean cuttings. This additive effect of the diffusates could be caused by
their ability to stimulate rooting and/or enhance the activity of IBA (Hess, 1964; Kawase,
1970, 1971a; LeClerc and Chong, 1983).
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Table 7. Effect of diffusates and IBA on mean number of roots formed on mung bean

(Vigna radiata) cuttings.

Treatments
control- DI water

-

X # Roots
8.8 C

IBA

31.2 b

black locust diffusate

31.4 b

black locust diffusate + IBA

49.4 a

contorted willow diffusate

29.3 b

contorted willow diffusate + IBA

45.7 a

2

-zy

Means within a column followed by the same letter are not significantly different at
alpha= 0.05 using Duncan's multiple range test.

Y

Values are means of three experiments, each treatment had ten replications.
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IBA

CONTROL

Figure 7. Rooting 01·rnung bean ( Vigna ruc/iata) cuttings tri;::atedwith
black locust diffusate with and without IBA.

-+2

WILLOW DIFFUSATE

CONTROL

Figure . Rooting of mung bean ( Vigna raclialll) cuttings treated with
\\ illow ( a/ix xen·rhmfle.rnoso) di!Tusate\.\ith and without IBA.

-t3

Rooting Activity of Ethyl Acetate Extracts of Black Locust and Contorted Willow Water
Difjusates on Rooting Cuttings of Mung Bean

Introduction
Black locust and contorted willow aqueous diffusates are probably a complex
chemical mixture containing many organic compounds, inorganic salts and other diffusable
substances.

Separation of compounds, based upon their partitioning characteristics into

ethyl acetate at neutral and acid pH in a two phase extraction system, may provide a clue
as to the chemical nature of the root stimulating substances found in the diffusates.
Extractions of the diffusates at pH 3. 0 and 7.0 were performed using ethyl acetate. The
two extracts were then used in the mung bean bioassay to test their rooting potentials.

Materials and Methods
Three hundred ml of LD and WD were brought to pH 7.0 (LE7 and WE7) by
adding potassium hydroxide (lN KOH). Ethyl acetate (100 ml) was added to the mixture
and stirred for one hour at 6C. The aqueous phase (water diffusate pH 7.0) was separated
from the organic phase (ethyl acetate) using a separatory funnel. The pH of the aqueous
phase was then brought to pH 3.0 (LE3 and WE3) using hydrochloric acid (1 N HCI).
Again, ethyl acetate (100 ml) was added to the mixture and stirred for one hour at 6C.
The aqueous phase (water diffusate pH 3 .0) was separated from the organic phase
(ethyl acetate) using a separatory funnel and discarded. The four organic phases of willow
and locust extracts at pH 3. 0 and 7. 0 were then stored in a freezer overnight (- l 6C).
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The next day, the organic phases were flash evaporated to dryness (Brinkmann
Instruments, Westbury, N.Y.) at approximately 40C, leaving a small amount of dark
colored residue in the flask. Next, 50 ml of DI water were added and the mixture
manually stirred for ten minutes to provide aqueous reconstituted extracts (LE3, LE7,
WE3, and WE7). The reconstituted extracts were used in the mung bean bioassay and
compared to LD and WD.

Locust and willow diffusates and extracts were analyzed

separately. These experiments were conducted three times: 15 July 1996, 2 September
1996 and 10 October 1996. The averages of the three experiments are reported in the
results (for individual results and standard deviations see Appendix 2).

Results and Discussion
After a ten day incubation period, mung bean cuttings were evaluated for rooting
and data were recorded. ANOVA showed there were significant differences (p < 0.05)
between treatments (Table 8).
LE3 produced the highest mean number of roots and was significantly different
from all other treatments (Figure 9).

LD was second in root production and was

significantly different than both LE7 and the control. LE7 and the water control produced
the lowest mean number of roots and were not significantly different from one another.
WD and WE3 produced approximately four times as many roots as WE7 and the
control-DI water (Table 8).

This may indicate that WD and WE3 contained similar

concentrations of root promoting substances and the ethyl acetate was able to extract
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Table 8. Comparison of mean number of roots for black locust and contorted willow

(Salix xerythroflexuosa) diffusates and extracts at pH 3.0 and 7.0.

X # Roots

Treatments
control- DI water

black locus{Y
7.1

contorted willow zy
7.1 b

C

diffusate

24.7 b

28.7 a

extract pH 3. 0

30.5 a

27.7 a

extract pH 7. 0

9.9

2

7.9 b

C

Means within a column followed by the same letter are not significantly different at
alpha= 0.05 using Duncan's multiple range test.

YValues are means of three experiments, each treatment had ten replications.
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CONTROL

LOCUST EXTRACT pH 7.0

LOCUST EXTRACT pH 3.0

Figure 9. Rooting of mung bean ( Vigna radiura) cuttings treated with
black locust diffu ·ate and extracts at pH 3.0 and 7.0.

-+7

most of the root promoting substances from the acidified diffusate. Figure 10 illustrates
the differences in rooting between treatments.
The pH 3. 0 ethyl acetate extracts of both locust and willow diffusates produced a
rooting response in the mung bean bioassay equal to or greater than the parent diffusate.
At pH 3.0, essentially all acidic components in the diffusate were protonated, making them
considerably less polar and thus extractable by the ethyl acetate phase. Under conditions
of neutrality (pH 7. 0), the majority of ionizable compounds containing acidic groups were
negatively charged and, therefore, not soluble in ethyl acetate.

Thus, the compounds

remained in the aqueous phase, perhaps accounting for the lower root stimulating ability
of the pH 7. 0 extracts.

Therefore, we deduce the root stimulating compounds in the

diffusates were ionizable compounds containing acidic groups.

Dose Response of Either Black Locust or Contorted Willow Water Diffusates on Rooting
Cuttings o(MungBean

Introduction
Dose-response curves for all known plant growth substances are bell-shaped
(Arteca, 1995). It is well established that plant growth regulators at concentrations too
high or too low will not enhance rooting, either by inhibition or by lack of stimulation,
respectively (Arteca, 1995). Dose response experiments were conducted using LD and
WD. The purpose of this experiment was to test a dilution series of diffusates in order to
determine the efficiency of rooting versus diffusate concentration.
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CONTROL

WILLOW EXTRACT pH 7.0

WILLOW EXTRACT pH 3.0

Figure I 0. Rooting ol' mung bean (Vigna mdiatu) cuttings treated with
willow ( Su/ix xe1:\'rhn~/le.rnusa) diffusate and extracts at pH 3.0 and 7.0.

-l9

Materials and Methods
Decreasing serial dilutions of both LD and WD were prepared by adding the
following amounts of WD or LD to the respective test tubes and bringing the volume up
to 15 ml using DI water:

33.3% (5.0 ml), 25.0% (3.75 ml), 16.7% (2.5 ml), 3.3%

(0.5 ml), and 0% (15.0 ml H 2 O). One mung bean cutting was placed into each test tube.
This mung bean bioassay was conducted three times: 8 November 1996, 23 November
1996, and 3 December 1996. Ten days after the experiments were initiated, mung bean
cuttings were evaluated for rooting and data were collected. Results were based on the
averages of the three experiments (for individual results and standard deviations see
Appendix 2).

Results and Discussion
There were significant differences (p < 0.05) between the treatments.

LD at

33.3% concentration produced the highest mean number of roots and was significantly
different than all other concentrations (Table 9 and Figure 11).
concentration

was second

in root

production,

followed

by

LD at 25.0%

16.7% and 3.3%

concentrations, and each was significantly different from the other. LD at 3 .3% was not
significantly different in root production than the control (DI water).
Willow results were similar to locust results.

WD at 33 .3% concentration

produced the highest mean number of roots and was significantly (p < 0.05) different than
all other concentrations (Table 9 and Figure 12). WD at 25.0% concentration was second
in root production, followed by 16.7% and 3.3% concentrations,
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and each was

Table 9. Effect of black locust and contorted willow (Salix xerythroflexuosa) diffusates
at different concentrations on mean number of mung bean (Vigna radiata) roots.

X # Roots

Treatments

black locust

zy

contorted willowzy

control- DI water

1.8 d

10.3 d

diffusate 3 .3%

2.8 d

11.8 d

diffusate 16.7%

20.3

19.6

diffusate 25. 0%

24.2 b

26.0 b

diffusate 33.3%

49.2 a

41.0 a

z Means

C

C

within a column followed by the same letter are not significantly different at

alpha= 0.05 using Duncan's multiple range test.
Y Values

are means of three experiments, each treatment had ten replications.
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LOCUST DIFFUSATE 33.3%

LOCUST DIFFUSATE 25.0%

LOCUST DIFFUSATE 16.7%

LOCUST DIFFUSATE 3.3%

Figure 11. Rooting or mung bean (Vignu rudiaru) cuttings treated \\'ith
four different concentrations of black locust diffusate.

WILLOW DIFFUSATE 33.3%

WILLOW DIFFUSATE 25.0%

WILLOW DIFFUSATE 16.7%

WILLOW DIFFUSATE 3.3%

Figure 12. Rooting of mung bean (vJ°_(;llllrnclioto) cutting treated with
four different concentration· of,, illo\\' (So/ix Xe1:\'throjlex11osa)
diffusate.
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significantly different from the other. WD at 3.3% was not significantly different in root
production than the control- DI water.
Results of these experiments showed that both ditfusates induced rooting in mung
bean cuttings in a linear fashion as concentration increased.

Since the root stimulating

effect with increasing ditfusate concentration was linear and did not plateau, the
concentrations required to elicit maximum root production were not established. None of
the concentrations had an effect on root length as all roots were similar (:::::
1.4 cm).

Thermal Stability Testing of Black Locust and Contorted Willow Water Di(fusates and
Ethyl Acetate Extracts pH 3.0 on Rooting Cuttings of Mung Bean

Introduction
Temperature is known to influence the stability of certain compounds (Campbell et
al., 1994). High temperatures can change the chemical nature of certain compounds and
destroy their function (Campbell et al., 1994).

Many proteins, for example become

structurally unstable and denature at temperatures above 45C (Campbell et al., 1994).
Thermal analysis provides information on whether or not substances maintain their
stability and activity, in this case rooting activity, when heated.

Thermal stability tests

(121C for 20 min.) were conducted using LD, LE3, WD and WE3 to determine if they
retained their rooting potential.
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Materials and Methods
These experiments were conducted using non-autoclaved LD, LE3, WD, WE3,
and DI water as controls. These non-autoclaved control treatments were compared to
LD, LE3, WD, WE3, and DI water solutions that were autoclaved at 121C for 20
minutes. These solutions were used in the mung bean bioassay to test rooting potentials.
LD and LE3, and WD and WE3 were compared as separate experiments.

These

experiments were conducted three times: 6 February 1997, 20 February 1997, and 7
March 1997. Ten days after the experiments were initiated, mung bean cuttings were
evaluated for rooting. Results were based on the averages of the three experiments (for
individual results and standard deviations see Appendix 2).

Results and Discussion
Each diffusate, either locust or willow, and its extract were compared as separate
experiments.

LD produced the highest mean number of roots and autoclaved LD

produced the second highest mean number roots, both were significantly different from
one another.

LE3 produced the third highest mean number of roots followed by

autoclaved LE3 (Table 10 and Figure 13).
Willow results were similar to locust results in that non-autoclaved WD and WE3
produced significantly (p < 0.05) more roots than respective autoclaved treatments (Table
10 and Figure 14). WD produced the highest mean number of roots followed by WE3.
Autoclaved WD was not significantly different (p < 0.05) than WE3. Water controls were
not significantly different from each other.
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Table 10. Effect of non-autoclaved versus autoclaved black locust and contorted willow

(Salix xerythroflexuosa) diffusates and extracts on mean number of mung bean (Vigna
radiata) roots.

X # Roots

Black Locust Treatments

non-autoclaved

zy

autoclaved

control- DI water

12.5 e

10.6 e

diffusate

51.9 a

38.0 b

extract pH 3. 0

30.8 C

15.3 d

control- DI water

12.5 d

10.6 d

diffusate

47.9 a

25.3 C

extract pH 3.0

29.7 b

24.0

zy

Contorted Willow Treatments

2

C

Means within a species block followed by the same letter are not significantly different at

alpha= 0.05 using Duncan's multiple range test.
Y Values

are means of three experiments, each treatment had ten replications.

56

LOCUST EXTRACT pH 3.0

LOCUST EXTRACT pH 3.0 AC

CONTROL AC

Figure 13. Rooting of mung bean (Vif~na racliuru) cuttings treated with
ed black locust diffusate and extracts
auotclaved ( C) and 11011-autocla,
pH 3.0.
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WILLOW EXTRACT pH 3.0AC

CONTROL

CONTROL AC

Figure 1-l. Rooting or mung bean (Vig110rodiuw) cutting· treated ,, ith
autoclaved (AC) and 11011-autocl.n,cd ,, illo,, ( So/i.r xe,ythro/1<!.rnuso)
diffusatc and e.,tracts pH 3.0.
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Results of this experiment showed that both autoclaved diffusates and extracts
produced significantly (p < 0.05) fewer roots than their respective control treatments
(non-autoclaved LD, LE3, WD, and WD3).

These results indicate that there was a

significant degradation in root promoting activities caused by heat inactivation.

Even

though there was a reduction in rooting potential, the autoclaved materials still produced
significantly more roots than the controls. This result demonstrates that the diffusates and
extracts did retain some of their rooting potential when autoclaved ( 121C for 20 min.).
Autoclaved diffusates and extracts decreased approximately 40% to 50% in activity,
indicating a heat unstable rooting component. The partial loss of rooting potential, after
autoclaving treatments of both diffusates and extracts, may indicate the presence of a
mixture of root promoting factors of varying heat stability.

Thin Layer Chromatography of Black Locust and Contorted Willow Water Di(fusates and
Extracts pH 3. 0

Introduction
Silica gel thin-layer chromatography (TLC) has become a common technique used
in the separation and identification of natural and synthetic indole derivatives (Ehmann,
1977; Dallas et al., 1987; Grinberg, 1990). TLC experiments were conducted in an effort
to further characterize the root promoting activity of LD, LE3, WD, and WE3.

Five

indole compounds were used as standards with each experiment to help identify the
bands/spots obtained from the diffusates and extracts.
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Materials and Methods

Indole standards. Five indoles were: (1) indole-3-acetic acid, (2) indolebutyric
acid, (3) indole-3-propionic acid, (4) indole-3-acetamide, and (5) indole-3-acetaldehyde
were dissolved in absolute ethanol (10 mg/ 10 ml) to yield 1 µg I µ1 stock solutions (see
Appendix 3 for chemical structures). All indoles were obtained from Sigma Chemical Co.
(St. Louis, Mo.).

Reagents and Spray reagents. Reagents A and B were made as follows: (A) van
Urk reagent - 1 g p-dimethylaminobenzaldehyde (Sigma Chemical Co., St. Louis, Mo.)
dissolved in 50 ml concentrated HCl plus 50 ml absolute ethanol (Ehmann, 1977); (B)
Salkowski reagent - 2.03 g FeC'3·6 H2 O was dissolved in 500 ml DI water and 300 ml
concentrated H 2 SO4 (Ehmann, 1977).

The TLC spray reagent used was made up

of 1 reagent A: 3 reagent B (by volume) (Ehmann, 1977).

Silica gel TLC plates. Fisherbrand Redi/plate, Silica Gel GF (20 x 20 cm, 250
microns) (Fisher Scientific, Fair Lawn, N.J.) plates were used throughout this study.
TLC solvent system. LD, LE3, WD, WE3 and the five indole standards were
chromatographed in 84 chloroform : 14 methanol : 1 DI water (by volume) solvent system
(Ehmann, 1977). Four µl of each indole standard was pipetted on top each other, with a
band (

10.0 cm in length) of 1.0 ml of either LD, LE3, WD, and WE3 being pipetted

across a single plate and dried using a hair dryer. Plates were placed in glass modular
TLC Developing Chambers with lids (Fisher Scientific, Fair Lawn, N.J.) containing the
solvent system (100 ml). The plates were removed from the tank when the solvent front
was approximately 1.5 cm from the top of the plate. Plates were then placed in an oven at
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45C until all traces of solvent had evaporated, approximately 5 minutes. Next, plates were
placed in the fume hood and a piece of glass placed on top of the plate covering 9.0 cm of
the band. The remaining uncovered surface contained the indole standards and 1.0 cm of
either diffusates' or extracts' band. The uncovered portion of the plate was sprayed with
the reagents using a Kontes Brand sprayer (Fisher Scientific, Fair Lawn, N.J.) until the
silica gel layer became transparent (Ehmann, 1977). Finally, plates were heated in an oven
at 100C until completely dry, approximately 8 minutes. Dry plates were visually examined
with and without UV light for fluorescing and/or quenching spots and color. All colored
spots were marked, measured, and Rf values calculated and recorded.
Plates were divided into fractions based on the location of the color band. The
unsprayed fractions were then scraped into individual test tubes using a small spatula.
Five ml of methanol were added to each test tube, thoroughly mixed, and allowed to
settle.

Test tubes were centrifuged at 2,000x g for two minutes.

Supernatants were

removed and flash evaporated at approximately 40C (Brinkmann Instruments, Westbury,
N.Y.) to dryness. Next, 10 ml of DI water were added to each of the flasks and manually
stirred for ten minutes. The reconstituted fractions were used in the mung bean bioassay.
All diffusates, extracts, and indole standards were chromagraphed three times and their Rf
averages reported.

Results and Discussion
Neither LD nor LE3 showed any detectable signs of color formation under
ambient light when viewed with the human eye on any of the TLC plates. The lower limit
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of detection on the silica gel plates was between 25 and 50 ng for the indoles. These
results suggest there are either no indole compounds present at levels used in both locust
diffusate and extract.
There were multiple detectable color spots on all TLC plates of WD and WE3
when viewed by the human eye under ambient light. Color bands of WD and WE3 were
pinkish to rose in color. WD had five fractions at Rf 0.05, 0.25, 0.35, 0.68, and 0.93.
WE3 had four fractions at Rf 0.24, 0.38, 0.54, and 0.73.
No positive identification of the fractions could be made based on color. All
fractions of both WD and WE3 were in the pinks and roses (Wilson, 1938-41).

The

colors of the standards and 79 indole derivatives reference chart (Ehmann, 1977) did not
produce a match. The color bands of WD and WE3 do indicate the presence of indoles.
A single run of mung bean bioassay was conducted using the WD and WE3
fractions. WD fraction #4 (Rf= 0.68) was the only fraction of the five that produced
significantly more roots than a water control.

The other four fractions were not

significantly different from the water control. All four WE3 fractions used in the mung
bean bioassay failed to root.

These results are unusual and contradict the general

conclusion that easy-to-root plant diffusates contain extractable root promoting fractions
(Hess, 1961; Kawase, 1970a). However, Fadl and Hartmann (1967), and Lee (1969)
reported that particular chromatographic strips of easy-to-root plant extracts failed to
promote or inhibited rooting on mung bean cuttings.
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Conclusion and Summary

Introduction
These experiments were designed to: verify the effects and partially chemically
characterize the locust and willow diffusate and extracts using a mung bean bioassay, ethyl
acetate extractions and thin-layer chromatography.

Diffusates Effect on Mung Bean Cuttings
LD or WD with IBA produced more roots than either alone and had an additive
effect on rooting when applied with IBA. Reconstituted ethyl acetate extracts of LD and
WD at an acidic pH (pH 3.0) produced more roots on mung bean cuttings than extracts
obtained at a neutral pH (pH 7.0). LE3 produced significantly more roots on mung bean
cuttings than LD, indicating the possible removal of inhibiting substances or a greater
concentration of root promoters contained in the lower pH extract. WE3 and WD were
not significantly different from one another in root production on mung bean cuttings. A
dilution of LD and WD ranging from 0% diffusate (15 ml H2 0) to 33.3% diffusate (5 ml
diffusate / IO ml H 20) tube showed an increase in root production with increasing
diffusate concentration.

Autoclaving the diffusates resulted in a reduction of rooting by

approximately 45%. However, the autoclaved diffusates still produced more roots than a
water control which indicates they did retain some of their root promoting properties.
TLC showed there were no detectable indoles in the LD or LE3. WD and WE3 were
found to contain several indole compounds. WD had five indole bands that were pink to
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rose in color with fractions at Rf 0.05, 0.25, 0.35, 0.68, and 0.93. WE3 had four indole
bands that were also pink to rose in color with root promoting fractions at Rf 0.24, 0.38,
0. 54, and 0. 73. WD fraction four (Rf

= 0.68) was the only band to produce more roots

than a water control. Therefore, it appears that either the root promoting substances in

WD are indole compounds and those in LD are not, or that the indole compounds in WD
co-exist with unknown root promoters.
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Appendix J - Propagation of white fringe tree (Chionanthus virginicus)
On l 9February 1996, 15 uniform dormant 3 year old seedlings were selected and
brought into the greenhouse. Plants were then transplanted to 2 gallon containers using
amended pinebark as a medium. Plants were fertilized with 20.0 g of Osmocote™ (14-1414). In addition, plants were liquid fertilized with Peters 20-20-20 at 200 ppm N-P-K
weekly. Ambient lighting was supplemented with 150 watt incandescent lamps to provide
a 16 hour photoperiod. Air temperature controls were set for 28C days and l 8C nights.
Some plants flowered on 25 March 1996 and cuttings were harvested six weeks later.
Cuttings were stripped to the four upper leaves and double wounded before pretreatments
were applied. Due to limited cutting material we set up a completely randomized design
using an incomplete factorial with five replications. The three treatments were: (1) - 24
hour soak in tap water, plus a 24 hour steep in contorted willow diffusate followed by
3. 0% IBA in talc; (2) - 24 hour steep in contorted willow diffusate followed by 3. 0% IBA
in talc and (3) - 3% IBA in talc (control).
All cuttings were stuck into a nursery flat with a rooting medium of
3 ProMix BX : 1 sand (by volume) and placed in a propagation greenhouse.

This

greenhouse was covered with an off-white corrugated fiberglass. The cuttings received
ambient light and no supplemental heating of any form. Cuttings received 15 seconds of
mist every 10 minutes from 6:30 AM to 7:30 PM.
Four out of five fringetree cuttings propagated using the willow diffusate followed
by 3.0% IBA rooted giving an 80% success rate. Three of four cuttings rooted heavily
with over 35 roots per cutting (Figure 15) and an average root length of 8.0 cm. The
fourth cutting rooted moderately well with 12 roots and an average root length of 8.0 cm.
The only other treatment that induced rooting was the control (IBA) where one out of five
cuttings rooted. Rooting was poor with only five roots and an average root length of 7.0
cm. This work is the first to show that willow diffusate followed by IBA can induce
rooting of fringetree.
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Figure 15. A rooted cutting of white fringetree (Chionanthus virginicus)
treated with willow ( So/ix xe,~rthro/le.rnosa) diffusate followed by 3.0%
IBA in talc.
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Results of this research are preliminary, but indicate that simple water diffusates of
contorted willow could be a pretreatment worth trying to aid in the cutting propagation of
difficult-to-root plants.
A major problem we observed was keeping the foliage in good condition. Many
cuttings tended to defoliate, after leaves developed a discoloration followed by necrosis at
the base of the midrib.
Our plants were only three years old and likely retained a high degree of juvenility
though some bloomed for the first time. Also our plants were forced in a greenhouse
under long day conditions, a technique known to positively influence propagation and
livability of some plants such as deciduous azaleas (Neinhuys, 1980).
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Appendix 2 - Individual Experimental Results of Mung Bean Bioassay
Testing black locust and contorted willow diffusates with and without IBA

Results for Experiment 1.
Comparison of mean number of roots for each treatment.

Treatments

X

control- H2O

11.4 d

5.1

IBA

53.6 be

5.8

locust diffusate

58.5 ab

8.0

locust diffusate + IBA

62.0 a

5.3

willow diffusate

48.3

willow diffusate + IBA

53.5 be

# Roots 2

Std. Dev.

12.0

C

8.5

Results for Experiment 2.
Comparison of mean number of roots for each treatment.

Treatments
control- H 2 0

X # Roots 2
7.5

Std. Dev.

C

4.7

IBA

23.5 b

9.4

locust diffusate

18.0 b

3.5

locust diffusate + IBA

47.9 a

11.0

willow diffusate

20.8 b

7.0

willow diffusate + IBA

42.7 a

12.1
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Results for Experiment 3.
Comparison of mean number of roots for each treatment.

Treatments

X

# Roots 2

Std. Dev.

C

2.6

IBA

19.5 b

7.3

locust diffusate

17.8 b

2.5

locust diffusate + IBA

42.7 a

12.4

willow diffusate

18.8 b

7.0

willow diffusate + IBA

41.0 a

12.3

control- H2O

7.5

Overall Average Of 3 Experiments.
Comparison of mean number of roots for each treatment.

Treatments

X

# Roots 2

8.8

Std. Dev.

C

4.5

IBA

31.2 b

17.9

locust diffusate

31.4 b

20.1

locust diffusate + IBA

49.4 a

14.3

willow diffusate

29.3 b

16.2

willow diffusate + IBA

45.7 a

12.1

control- H2O

GLM procedure, Duncan's multiple range test.
z Means within a column followed by the same letter are not significantly different at
alpha= 0.05.
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Testing black locust and contorted willow diffusates and ethyl acetate extracts at
pH's= 3.0 and 7.0
Results of Experiment 1
Comparison of mean number of roots for locust extracts and diffusate treatments.

Treatments

X

# Roots 2

Std. Dev.

5.5 b

5.1

locust diffusate

23.7 a

15.7

locust extract pH 3. 0

25.4 a

6.0

locust extract pH 7. 0

7.5 b

3.0

control- H2O

Comparison of mean number of roots for willow extracts and diffusate treatments.

Treatments
control- H2O

X

# Roots 2

Std. Dev.

5.5 b

5.1

willow diffusate

28.6 a

14.8

willow extract pH 3.0

23.4 a

10.4

willow extract pH 7.0

4.1 b

1.9

GLM procedure, Duncan's multiple range test.
z Means within a column followed by the same letter are not significantly different at
alpha= 0.05.
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Results of Experiment 2
Comparison of mean number of roots for locust extracts and diffusate treatments.

Treatments

X

# Roots 2

Std. Dev.

C

2.8

locust diffusate

25.1 b

4.3

locust extract pH 3. 0

32.6 a

9.3

locust extract pH 7. 0

11.0 C

4.8

control- H2O

7.6

Comparison of mean number of roots for willow extracts and diffusate treatments.

Treatments
control- H2O

X

# Roots 2

Std. Dev.

7.6 b

2.8

willow diffusate

29.8 a

15.2

willow extract pH 3. 0

30.0 a

10.5

willow extract pH 7.0

10.1 b

7.2

GLM procedure, Duncan's multiple range test.
2

Means within a column followed by the same letter are not significantly different at
alpha= 0.05.
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Results of Experiment 3
Comparison of mean number of roots for locust extracts and diffusate treatments.

Treatments

X

# Roots 2

Std. Dev.

8.2 C

2.7

locust diffusate

25.4 b

10.4

locust extract pH 3. 0

33.4 a

7.1

locust extract pH 7.0

11.2 C

4.5

control- H2O

Comparison of mean number of roots for willow extracts and diffusate treatments.

Treatments

X

# Roots 2

Std. Dev.

8.2 b

2.7

willow diffusate

27.8 a

10.8

willow extract pH 3.0

30.2 a

10.3

willow extract pH 7. 0

9.4 b

4.1

control- H2O

GLM procedure, Duncan's multiple range test.
z Means within a column followed by the same letter are not significantly different at
alpha= 0.05.
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Overall Average of 3 Experiment.
Comparison of mean number of roots for locust extracts and diffusate treatments.

Treatments

X

# Roots 2

Std. Dev.

7.1 C

3.9

locust diffusate

24.7 b

10.8

locust extract pH 3.0

30.5 a

8.5

locust extract pH 7.0

9.9

4.4

control- H2O

C

Comparison of mean number of roots for willow extracts and diffusate treatments.

Treatments

X

# Roots 2

Std. Dev.

7.1 b

3.9

willow diffusate

28.7 a

13.3

willow extract pH 3. 0

27.7 a

11.0

willow extract pH 7.0

7.9 b

5.4

control- H2O

GLM procedure, Duncan's multiple range test.
2

Means within a column followed by the same letter are not significantly different at
alpha= 0.05.
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Dose Response Experiments

Results of Experiment 1.
Comparison of mean number of roots for locust diffusate at different concentrations.
Treatments

X

control- H2O

12.1 C

4.6

locust diffusate 3.3%

10.8 C

5.0

locust diffusate 16.7%

20.4 b

5.8

locust diffusate 25. 0%

21.0 b

4.0

locust diffusate 33 .3%

50.1 a

9.8

# Roots 2

Std. Dev.

Comparison of mean number of roots for willow diffusate at different concentrations.

Treatments

X # Roots 2

control- H2O

10.3 d

4.6

willow diffusate 3.3%

11.8 d

2.2

willow diffusate 16.7%

19.6 C

6.3

willow diffusate 25.0%

26.0 b

7.7

willow diffusate 33.3%

41.0 a

8.1

Std. Dev.

GLM procedure, Duncan's multiple range test.
z Means within a column followed by the same letter are not significantly different at
alpha= 0.05.
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Results of Experiment 2.
Comparison of mean number of roots for locust diffusate at different concentrations.
Treatments

X

control- H2O

12.2 d

1.5

locust diffusate 3.3%

13.8 d

2.5

locust diffusate 16.7%

20.3 C

3.9

locust diffusate 25. 0%

25.8 b

2.5

locust diffusate 33.3%

48.8 a

9.0

# Rootsz

Std. Dev.

Comparison of mean number of roots for willow diffusate at different concentrations.

Treatments

X # Rootsz

control- H2O

12.2 d

1.5

willow diffusate 3.3%

10.6 d

1.5

willow diffusate 16.7%

21.2

C

4.0

willow diffusate 25. 0%

27.5 b

4.9

willow diffusate 33.3%

42.3 a

6.6

Std. Dev.

GLM procedure, Duncan's multiple range test.
z Means within a column followed by the same letter are not significantly different at
alpha= 0.05.
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Results of Experiment 3.
Comparison of mean number of roots for locust diffusate at different concentrations.
Treatments

X # Roots 2

control- H2O

11.0 d

2.9

locust diffusate 3.3%

13.8 d

2.5

locust diffusate 16.7%

20.3 C

3.9

locust diffusate 25. 0%

25.8 b

2.5

locust diffusate 33.3%

48.8 a

9.0

Std. Dev.

Comparison of mean number of roots for willow diffusate at different concentrations.

Treatments

X # Roots

control- H2O

11.0 d

1.6

willow diffusate 3.3%

10.6 d

2.9

willow diffusate 16.7%

19.3 C

4.6

willow diffusate 25.0%

27.2 b

4.6

willow diffusate 33.3%

41.2 a

9.0

2

Std. Dev.

GLM procedure, Duncan's multiple range test.
2

Means within a column followed by the same letter are not significantly different at

alpha= 0.05.
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Overall Average of 3 Experiments.

Comparison of mean number of roots for locust diffusate at different concentrations.

Treatments

X # Roots 2

control- H2O

11.8 d

3.2

locust diffusate 3.3%

12.8 d

3.7

locust diffusate 16.7%

20.3

C

4.4

locust diffusate 25. 0%

24.2 b

3.8

locust diffusate 33.3%

49.2 a

8.9

Std. Dev.

Comparison of mean number of roots for willow diffusate at different concentrations.

Treatments

X # Roots 2

control- H2O

10.3 d

3.2

willow diffusate 3.3%

11.8 d

1.8

willow diffusate 16.7%

19.6 C

5.0

willow diffusate 25. 0%

26.0 b

6.0

willow diffusate 33.3%

41.0 a

7.0

Std. Dev.

GLM procedure, Duncan's multiple range test.
z Means within a column followed by the same letter are not significantly different at
alpha= 0.05.
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Thermal Stability Testing of Diffusates and Extracts at pH=3.0
Results ofExperiment 1.
Mean number of roots for locust diffusate and extract pH=3. 0 versus locust diffusate and
extract pH=3.0 autoclaved at 121C for 20 minutes.
Treatments

X # Roots

Autoclaved

2

Std Dev.

control- H2O

yes

11.0 d

3.3

control- H2O

no

12.5 d

3.4

locust pH=3. 0

yes

4.9 d

8.0

locust pH=3.0

no

31.2 C

5.5

locust diffusate

yes

39.7 b

6.2

locust diffusate

no

51.2 a

10.1

Mean number of roots for willow diffusate and extract pH=3. 0 versus willow diffusate and
extract pH=3. 0 autoclaved at 121C for 20 minutes.
Treatments

X # Roots

Autoclaved

2

Std Dev.

control- H2O

yes

11.0 d

3.3

control- H2O

no

12.5 d

3.4

willow pH=3. 0

yes

23.6

C

3.5

willow pH=3. 0

no

24.8 C

4.1

willow diffusate

yes

29.3 b

4.8

willow diffusate

no

48.1 a

7.2

GLM procedure, Duncan's multiple range test.
2

Means within a column followed by the same letter are not significantly different at

alpha= 0.05.
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Results of Experiment 2.
Mean number of roots for locust diffusate and extract pH=3. 0 versus locust diffusate and
extract pH=3.0 autoclaved at 121C for 20 minutes.

Treatments

X # Roots 2

Autoclaved

Std Dev.

control- H2O

yes

10.7 e

1.9

control- H2O

no

12.3 de

1.7

locust pH=3.0

yes

15.8 d

4.9

locust pH=3. 0

no

31.1

C

4.5

locust diffusate

yes

37.4 b

2.6

locust diffusate

no

52.0 a

8.1

Mean number of roots for willow diffusate and extract pH=3. 0 versus willow diffusate and
extract pH=3. 0 autoclaved at 121C for 20 minutes.

Treatments

X # Roots 2

Autoclaved

Std Dev.

control- H2O

yes

10.7 e

1.9

control- H2O

no

12.3 d

1.7

willow pH=3.0

yes

24.6 C

2.4

willow pH=3.0

no

25.4 C

4.7

willow diffusate

yes

29.6 b

3.1

willow diffusate

no

48.5 a

5.4

GLM procedure, Duncan's multiple range test.
2

Means within a column followed by the same letter are not significantly different at

alpha= 0.05.
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Results of Experiment 3.
Mean number of roots for locust diffusate and extract pH=3. 0 versus locust diffusate and
extract pH=3. 0 autoclaved at 121C for 20 minutes.

Treatments

X

Autoclaved

# Rootsz

Std Dev.

control- H2O

yes

10.2 e

2.2

control- H2O

no

12.8 de

2.2

locust pH=3.0

yes

15.2 d

4.3

locust pH=3.0

no

30.1

C

4.4

locust diffusate

yes

36.8 b

3.3

locust diffusate

no

52.6 a

7.4

Mean number of roots for willow diffusate and extract pH=3.0 versus willow diffusate and
extract pH=3. 0 autoclaved at 121C for 20 minutes.

Treatments

X # Roots

Autoclaved

2

Std Dev.

control- H2O

yes

10.2 e

2.2

control- H2O

no

12.8 de

2.2

willow pH=3.0

yes

23.7 C

2.4

willow pH=3.0

no

30.3 b

3.5

willow diffusate

yes

25.8 C

4.5

willow diffusate

no

47.0 a

6.4

GLM procedure, Duncan's multiple range test.
z Means within a column followed by the same letter are not significantly different at
alpha= 0.05.
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Overall Average of 3 Experiments.
Mean number of roots for locust diffusate and extract pH=3. 0 versus locust diffusate and
extract pH=3. 0 autoclaved at 121C for 20 minutes.

Treatments

X # Roots

Autoclaved

2

Std Dev.

control- H2O

yes

10.6 e

2.5

control- H2O

no

12.5 e

2.5

locust pH=3.0

yes

15.3 d

5.8

locust pH=3.0

no

30.8 C

4.7

locust diffusate

yes

38.0 b

4.3

locust diffusate

no

51.9 a

8.3

Mean number of roots for willow diffusate and extract pH=3. 0 versus willow diffusate and
extract pH=3. 0 autoclaved at 121C for 20 minutes.

Treatments

X # Roots

Autoclaved

2

Std Dev.

control- H2O

yes

10.6 d

2.5

control- H2O

no

12.5 d

2.5

willow pH=3.0

yes

24.0 C

2.8

willow pH=3.0

no

29.7 b

3.8

willow diffusate

yes

25.3 C

4.3

willow diffusate

no

47.9 a

6.2

GLM procedure, Duncan's multiple range test.
z Means within a column followed by the same letter are not significantly different at
alpha= 0.05.
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Thermal Stability Experiments

Results of Experiment 1.
Comparison of mean number of roots for non-autoclaved locust diffusate and extract
versus autoclaved diffusate and extract.

Treatment

X # Roots 2

Std. Dev.

control- H2O

12.5 e

3.4

autoclaved control- H2O

10.6 e

3.3

locust extract pH 3. 0

30.8 C

5.5

autoclaved locust extract pH 3. 0

15.3 d

8.0

locust diffusate

51.9 a

10.1

autoclaved locust diffusate

38.0 b

6.2

Comparison of mean number of roots for non-autoclaved willow diffusate and extract
versus autoclaved diffusate and extract.

Treatment

X

control- H2O

12.5 d

3.4

autoclaved control- H2O

11.0 d

3.3

willow extract pH 3.0

29.3 b

4.8

autoclaved willow extract pH 3. 0

23.6

C

3.5

willow diffusate

48.1 a

7.2

autoclaved willow diffusate

24.8

4.1

# Roots 2

C

Std. Dev.

GLM procedure, Duncan's multiple range test.
2

Means within a column followed by the same letter are not significantly different at

alpha= 0.05.
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Results of Experiment 2.
Comparison of mean number of roots for non-autoclaved locust diffusate and extract
versus autoclaved diffusate and extract.

Treatment

X # Rootsz

Std. Dev.

control- H2O

12.2 de

1.7

autoclaved control- H2O

10.6 e

1.9

locust extract pH 3. 0

31.1 C

4.5

autoclaved locust extract pH 3. 0

15.8 d

4.9

locust diffusate

52.0 a

8.1

autoclaved locust diffusate

37.4 b

2.6

Comparison of mean number of roots for non-autoclaved willow diffusate and extract
versus autoclaved diffusate and extract.

Treatment

X # Rootsz

Std. Dev.

control- H2O

12.2 d

1.7

autoclaved control- H 2O

10.7 d

1.9

willow extract pH 3. 0

29.6 b

3.1

autoclaved willow extract pH 3. 0

24.6

C

2.4

willow diffusate

48.5 a

5.4

autoclaved willow diffusate

25.4

4.7

C

GLM procedure, Duncan's multiple range test.
2

Means within a column followed by the same letter are not significantly different at

alpha= 0.05.
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Results of Experiment 3.
Comparison of mean number of roots for non-autoclaved locust diffusate and extract
versus autoclaved diffusate and extract.

Treatment

X # Roots

control- H2O

12.8 de

2.2

autoclaved control- H2O

10.2 e

2.2

locust extract pH 3. 0

30.1

C

4.4

autoclaved locust extract pH 3. 0

15.2 d

4.3

locust diffusate

52.6 a

7.4

autoclaved locust diffusate

36.8 b

3.3

2

Std. Dev.

Comparison of mean number of roots for non-autoclaved willow diffusate and extract
versus autoclaved diffusate and extract.

Treatment

X # Roots 2

Std. Dev.

control- H2O

12.8 d

2.2

autoclaved control- H 20

10.2 d

2.2

willow extract pH 3. 0

30.3 b

3.5

autoclaved willow extract pH 3. 0

23.7

C

2.4

willow diffusate

47.0 a

6.4

autoclaved willow diffusate

25.8

4.5

C

GLM procedure, Duncan's multiple range test.
z Means within a column followed by the same letter are not significantly different at
alpha= 0.05.
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Overall Average of3 Experiments.
Comparison of mean number of roots for non-autoclaved locust diffusate and extract
versus autoclaved diffusate and extract.

Treatment

X # Roots 2

Std. Dev.

control- H2O

12.5 e

2.5

autoclaved control- H2O

10.6 e

2.5

locust extract pH 3. 0

30.8 C

4.7

autoclaved locust extract pH 3. 0

15.3 d

5.7

locust diffusate

51.9 a

8.3

autoclaved locust diffusate

38.0 b

4.3

Comparison of mean number of roots for non-autoclaved willow diffusate and extract
versus autoclaved diffusate and extract.

Treatment

X # Roots

control- H2O

12.5 d

2.4

autoclaved control- H2O

10.6 d

2.4

willow extract pH 3. 0

29.7 b

3.8

autoclaved willow extract pH 3.0

24.0

C

2.8

willow diffusate

47.9 a

6.2

autoclaved willow diffusate

25.3

4.3

C

2

Std. Dev.

GLM procedure, Duncan's multiple range test.
z Means within a column followed by the same letter are not significantly different at
alpha= 0.05.
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Appendix 3 - Chemical Structures of the Indole Standards

1.

lndole-3-acetic acid

C10H9N02
FW = 175.18
lndole-3-acetamide

C10H10~0

2.

FW = 174.2

©:)f½CH,<:fl,COOH

H
5.

Indole-3-butyric acid

C12H13N02
FW= 203.23

lr.dole-3-acetaldehyde

3.

C10H9NO

oo~f½c:000

FW = 159.2

H
lndole-3-propionic acid

C11H11N02
FVV= 189.2
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